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Disclosed and claimed 
are methods and compositions 
for raising protective and 
therapeutic immunity in 
humans and animals by 
genetic immunization. The 
subject invention combines 
both safety and efficacy 
in the treatment of viral 
infections and diseases 
caused thereby. The methods 
of the subject invention 
comprise transduction of 
cells with a construct that 
directs the expression of an 
attenuated virus not capable of 
causing disease, for example, 
replication- incompetent. The 
enhanced efficiency of the 
subject invention in generating 
an antiviral immune response 
is due in part to a unique 
method for vehiculating 
attenuated viral particles 
within the host human or 
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DESCRIPTION 

METHODS AND COMPOSITIONS FOR 
PROTECTIVE AND THER APFI ITIP 
GENETIC IMMUNIZATION 

Background of the Invention 
Many of the most deadly and debilitating diseases afflicting humans and animals are caused 
by viruses. The invention described herein is directed toward preventing and treating various 
diseases caused by viruses, and in particular diseases caused by retroviruses. For example, the 
subject invention is applicable to cancers such as adult T-cell leukeraa/lymphoma, caused by the 
retrovirus HTLV-1 (human T-cell lymphotropic virus, type 1). This cancer poses a major health 
problem in Japan and similar problems in clusters of the Caribbean, South American, and United 
15 States population. Porabo de Olivera et al. (1990) Lancet 336:987-99 1; Shermata et al. (1992) 

Arch Neurol. 49: 1113. HTLV-1 has also been linked to various inflammatory disorders, such as 
Sjogren's syndrome, in western Japan where HTLV-1 infection is endemic (Kaoru et al. [1994] 
lancet 344:1 1 16-1 1 19), and degenerative encephalopathy that paralyzes the lower extremities 
(Dixon « a/. [1990] West J. Med. 152:261-267). 

Another retroviral disease addressed specifically herein is AIDS, caused by HIV (human 
inununodeficiency virus), a particular type of retrovirus called a lentivirus. Recently, it appears that 
heterosexual women between the ages of 18-24 are the population exhibiting the greatest increase 
in sero-positiviry for HTV. Because women infected with HIV are the major source of infection for 
infants, experts report that AIDS mortality in children will increase. Kimball et al. (1995) Annu. 
Rev. Public Health 16:253-282, review the devastating effect of the AIDS epidemic. 

.Examples of retroviruses causing animal diseases include simian immunodeficiency virus 
(SIV), feline leukemia virus (FeLV), feline T-lymphotropic lentivirus (now designated as feline 
immunodeficiency virus (FTV) reported by Pedersen et al. [1987] Science 235:790-793), and 
Bovine leukemia. Other diseases caused by non-retroviruses, which are nevertheless subject to the 
invention described herein, include cervical cancer caused by human papillomavirus (HPV), primary 
hepatoceUular carcinoma caused by hepatitis B, Burkitt's lymphoma and nasopharyngeal carcinoma 
caused by Epstein-Barr virus (EBV), lower respiratory infections caused by respiratory syncytial 
virus, herpes, smallpox, encephalitis, measles, and influenza. 
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Briefly, viruses are obligatory intracellular parasites that replicate by hijacking the infected 
host's cellular mechanisms. Virus particles typically include a genome comprising one or a few 
molecules of either DNA or RNA, or both, and a small number of proteins which form a capsid or 
which are present as enzymes or regulatory proteins. Viruses are often categorized according to (1) 
the kind of nucleic acid that constitutes the genome; (2) the strategy of viral replication; and (3) the 
morphology of the virion. Viral classification and nomenclature are reviewed in Fenner et al , eds. 
( 1 993) Veterinary Virology, 2nd ed., Academic Press, Inc., San Diego. 

The body combats viral infection with a combination of cellular and humoral immune 
mechanisms. Cytotoxic T lymphocytes (CTLs) comprise the principle weapon in defending against 
established viral infection. Specifically, CD8* CTLs recognize antigens associated with class I 
Major Histocompatibility (MHC) molecules while CD4 + T-cells recognize antigens associated with 
the class II MHC molecules. Early in the course of viral infection, specific antibodies prove an 
important weapon in defense against viral attack. Although the precise mechanisms of how 
antibodies neutralize viruses is not known, IgG, IgA and IgM antibodies have been described which 
are capable of neutralizing viral particles. Accordingly, the success of prophylactic vaccination with 
subunit, attenuated, or killed viruses is largely related to the vaccine's ability to stimulate antibody 
responses. See generally Abbas et al, [1994] Cellular & Molecular Immunology, 2nd ed., W.B. 
Saunders Co., Philadelphia. 

More specifically, subunit vaccines consisting of viral proteins are administered in hopes 
that an immune response raised to viral proteins will effectively combat viral infection. This mode 
of vaccination is directed at humoral or systemic immune responses and typically elicits the 
production of IgG antibodies. This type of antibody remains primarily in the bloodstream of the 
individual in order to prevent blood-born disease. In the case of HIV-1 for example, many of the 
vaccines directed at preventing HIV-1 infections arc such subunit vaccines which use either 
recombinant HIV-1 envelope or core proteins and are administered either intramuscularly or 
subcutaneously. These vaccine approaches have not raised efficient immune responses in HIV 
models, however, in part because the selected cloned and expressed proteins cannot present viral 
epitopes in an authentic fashion. Letvin (1993) New Eng. J. Med 329(19): 1400-1405. 
Additionally, viral mutation facilitates viral escape from immune responses focused on a few specific 
epitopes. Nowak et al ( 1 995) Nature 375 : 606-6 11. 

Remaining with the HIV model, in addition to subunit vaccines, live attenuated viruses have 
been proposed as vaccines. However, live attenuated viruses that are not able to replicate efficiently 
in vivo do not elicit protective immune responses (Letvin et al [1995] J. Virol 69:4569-4571). 
Conversely, state-of-the-art live attenuated HIV viruses that are able to replicate efficiently in vivo 
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are too dangerous to use for vaccine purposes (Letvin [1993] New Eng. J. Med 329(19): 
1400-1405). 

A particular example of an attenuated live vaccine that proved too dangerous for general 
vaccine puiposes was developed against rhesus macaque SIV (SIVmac). The attenuation involved 
5 a deletion of the viral nef gene, a 25-29 kD protein located in the infected cell's cytoplasm and 
plasma membrane (Allan, J.S., et al [1985] Science 230:810-813). The nef-deleted SIVmac 
maintained the ability to integrate and replicate. Although nef-deleted SIVmac vaccination protected 
adult rhesus monkeys against subsequent infection with pathogenic SIVmac (Daniel et al [ 1992] 
Science 258:1938-1941; Almond et al [1995] Lancet 345:1342-1344), young rhesus monkeys 
10 developed sometimes fatal disease upon vaccination with the nef-deleted SIVmac. Baba et al 

(l995)Science 270:1220-1221. 

Moreover, it has been shown recently (Heath et al [1995] Nature 377:740-744) that HTVM 
complexed with neutralizing antibodies is highly infectious in the presence of follicular dendritic 
cells. This explains why a traditional vaccine strategy inducing a humoral response may not be 
15 effective. 

Thus, the possibility of contracting disease is indeed the major concern related to the use 
of replication-competent attenuated viruses. Additionally, in the case of retroviruses (especially 
lentiviruses), it can take years before understanding the potential toxicity of traditional vaccines. 
This greatly increases the safety concerns and limits the use of replication competent vims vaccines. 
20 There is an is an urgent need to identify safe and effective means for combating viral infections. This 

need is addressed by the genetic immunization technique of the present application, which provides 
protection from a variety of diseases. 

Brief Summary of the Invention 

25 The subject invention concerns methods and compositions for raising protective and 

therapeutic immunity to viral infections in humans and animals by the technique of genetic 
im munizati on. Genetic immunization comprises the expression of genes encoding foreign antigens 
in the lymphoid organs for the prevention and treatment of diseases. As described more folly below, 
when the genes of a replication-incompetent virus are expressed in the lymphoid organs, preferably 

30 in dendritic cells, immunity is generated by primary and secondary immune responses due to viral 

particle production and limited reinfection. 

In a preferred embodiment, the methods of the subject invention involve transducing a cell 
of a host human or animal with a genetic construct which confers upon the transduced cell the ability 
to express an attenuated vims. The attenuated virus produced by the transduced cell is, preferably, 
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infectious but replicauon-mcompetcnt so that the virus is not capable of pathogenicity. Although 
the virus produced by the transduced cell is not pathogenic, the attenuated virus elicits an immune 
response capable of conferring upon the host protection against infection by the wild-type virus, 
this unique result is accomplished by having the attenuated viruses selectively produced by cells in 
the lymphoid organs of the host animal or human. Advantageously, the attenuated virus has the size 
and other characteristics of the natural virus with the exception that the attenuated virus is not 
capable of pathogenicity. The efficiency of the immune response is maximized by the natural 
characteristics of the attenuated virus as well as its expression in the lymphoid organs. 

The lack of pathogenicity of the attenuated virus produced according to the subject 
invention can be accomplished in a variety of ways, but, as described herein, preferred embodiments 
of the subject invention involve genetic modification of the viral genome, e.g., elimination or 
reduction of the virus' ability to productively replicate or integrate. By cloning this replication- 
incompetent viral DNA, it is possible to create a virus particle which is only mildly infectious. If 
presented to a host using standard procedures, such a mildly infectious virus would not stimulate 
an effective immune response capable of protecting the host against subsequent challenge. In order 
to solve this lack of protective or therapeutic immunogenicity, the subject invention comprises a 
unique means of effectively enhancing the immunogenicity of the attenuated viral particle by 
presenting these viral particles more directly to the immune system components which are 
responsible for mounting the antiviral response. Specifically, cells within the lymphoid organs are 
20 transduced to confer upon them the ability to produce the rephcation-incompetent viral particles. 

These viral particles are nearly identical to wild-type virus in terms of size, biochemical properties, 
and antigen presentation of viral proteins, with the exception that the attenuated virus is not capable 
of causing active infection. Although the attenuated virus produced by the virus-producing cells of 
the subject invention is not able to spread the infection, enough virus is produced to elicit an effective 
unmune response. The ability to raise the desired immune response is due to the virion's structural 
and biochemical similarity to the wild-type virus, as well as the fact that the attenuated virus is 
specifically produced in close proximity to the appropriate cells of the immune system. 

The methods of the subject invention can be used to elicit a protective immune response 
prior to viral exposure, oi^-aavaniageously, these methods can be used after viral exposure to 
30 generate an enhanced immune response. Post-exposure treatment is particularly advantageous in die 

case of infection by viruses which do not compromise the host's immune response, or in the case of 
non-immunized patients in immunologically competent stages of the disease. 

As described more fully herein, the transduction of the host cells can have other highly 
advantageous consequences including, for example, the inhibition of replication of wild-type virus 
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in the transduced cells. Cross-protection against related viruses can also be achieved because of the 
presentation of the broadest spectrum of immunologic determinants. Thus, the methods described 
herein can further be used to raise immune responses against heterologous viruses, or even to raise 
a general antiviral immune response. The procedures of the subject invention are particularly 
advantageous because they result in a highly effective antiviral immune response while maximizing 
the safety of the vaccination or therapeutic procedure. According to the subject invention, it is now 
possible to safely raise an immune response to a full-sized viral particle without danger of causing 
disease. Furthermore, because viruses are known to mediate many types of carcinogenesis, the 
procedures of the subject invention can be used to treat or prevent these cancerous conditions by 
eliminating or reducing the viral infection which is necessary for the initiation or progression of the 
cancerous condition. Moreover, the procedures of the subject invention are applicable to treating 
tumors exhibiting particular recognizable antigens by eliciting the appropriate immune response 
against said antigens. 

In a further embodiment of the subject invention, the immune response generated in the host 
animal by the expression of the attenuated virus can be enhanced, directed or modulated by 
introducing in the transduced cells a second genetic construct which directs the expression of an 
immune system modulating molecule such as a cytokine. 

The methods of the subject invention can also be used generally to increase the efficiency 
of recombinant viral vaccines. For example, substantial research efforts have been made to develop 
recombinant vaccines using various pox viruses as viral vectors. These pox viruses may be, for 
example, vaccinia, fowlpox, canary pox, or swinepox. When used in alternative hosts, or when 
expressing antigens of low immunogenicity, these viral vaccines are often ineffective in eliciting a 
useful immune response. This problem can be remedied by the unique vehiculating methods of the 
subject invention whereby transduced cells migrate to the lymphoid organs to express the viral 
particles. The transduction of the cells migrating to the lymphoid organs greatly increases the 
efficiency of the immune response elicited by the recombinant viral constructs. Alternatively, these 
viruses injected directly in the lymphoid organs can infect antigen-presenting cells and produce 
infectious vims particles. Such in vivo injection may overcome the problem of ineffective CTL 
induction after intradermal administration. 

Thus, the methods and compositions of the subject invention are useful for (a) stimulating 
an effective immune response to viral antigens; (b) inhibiting virus replication and virus-mediated 
carcinogenesis; (c) generating long-term cross- reactive memory; (d) active immunization against 
tumors; and (e) generating safe genetic vaccines. 
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The subject invention combines both safety and efficacy by using attenuated viruses which 
cannot spread infection. These viruses are made effective by vehiculating them into humans and 
animals by means other than their own replication. However, if the attenuated virus is capable to 
complete several rounds of replication, the virus may be injected directly into the lymphoid organs. 
Consequently the viruses are safe and effective for raising protective and therapeutic immunity in 
humans and animals. 

Brief Descri ption of the Drawin g 
Figure 1 illustrates genetic immunization: DNA encoding a Class 4 virus is used to 
transduce cells , preferably dendritic cells (DC). Those transduced cells are then transported to the 
lymphoid organ, where the transduced cells express the Class 4 DNA as proteins and virus and 
become primary antigen-presenting cells (APCs). The Class 4 virus, released from the transduced 
cells, can act as soluble antigen and also infect other cells present in the lymphoid organ such as 
T-cells, macrophages, and dendritic cells. These infected cells become the secondary antigen- 
presenting cells. Both primary and secondary APCs present viral antigens in an authentic fashion 
in the context of the major histocompatibility complex (MHC), concentrated in the lymphoid organ, 
efficiently raising the host's immune response. 

Figures 2A-2B illustrate a wild-type retrovirus genome, some particulars of the integrase 
protein, and an example of the attenuated integrase gene that generates a Class 4 retrovirus. 
20 Specifically, this mutation results in a truncated integrase protein which starts at the 5 '-end as "wild- 

type" and stops at the first stop codon after the deletion, consequently the mutant protein is about 
half size of the wild-type integrase. 

Figures 3A-3B depict the pathogenicity of four classes of viruses based on their ability to 
replicate in a given host. Figures 3A-3B are read in conjunction with Table 1 . Classes 1-3 have been 
25 introduced by Baba et al. (1995) Science 270:1220-1221, and Class 4 is introduced herein. Class 

1 virus is wild-type virus that replicates above the threshold level so that persistent viremia exists 
and causes disease in the host Class 2 virus may be wild-type or attenuated so that viral replication 
occurs above the threshold level, but may or may not cause disease in a normal host. Class 3 viruses 
cause disease in hosts whose immune systems present a lower threshold. Class 4 viruses are 
30 attenuated such mat replication is sdf-limiting and the virus can not cause disease even in a host with 

a lowered threshold. See Example 1 , below, for a thorough discussion of Figures 3A-3B. 

Figure 4 depicts the plasmid construct p239SpSp, carrying the defective gene encoding the 
truncated integrase protein. 
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Brief Descri ption of the Seq uent** 
SEQ ID NO. 1 is primer FL5 as used according to the subject invention. 
SEQ ID NO. 2 is primer FL6 as used according to the subject invention. 

Detailed Dis closure of the Invention 
The present invention concerns materials and methods for stimulating a safe and effective 
antiviral immune response in a human or animal. The methods of the subject invention comprise 
transduction of cells with a construct that directs the expression of an attenuated virus. As used 
herein, reference to "transduction" of cells means the transfer to cells of DNA which confers upon 
the cells the ability to produce a virus as described herein and, in some instances, express a cytokine 
and/or tumor antigen. Thetraiisduced ceusarerc Typically, 
the transduced cells would be cells of an animal or human host. The attenuated virus construct is 
specifically designed to express an attenuated virus which is not capable of causing disease. The 
attenuated virus may be, for example, rephcation-incoinpetent. If the attenuated virus is a retrovirus, 
integration defective viruses are used preferably as replication-incompetent viruses. Although the 
attenuated virus is not pathogenic, its expression by the virus producer cells is accomplished in a 
manner which causes a highly efficient and effective immune response in the host In a preferred 
embodiment, the virus producer cell is designed to produce defective viruses in the lymphoid organs 
where immune responses against viral antigens are induced. As used herein, references to lymphoid 
organs would include, for example, lymph nodes, the spleen, and the thymus. A critical aspect of 
the subject invention is the ability to present to the immune system viral particles which are nearly 
identical to the natural virus except that the viral particles of the subject invention are not 
pathogenic. Advantageously, the viral antigens are presented to the immune system in their natural 
conformation, thereby facilitating a highly effective immune response. 

In a preferred embodiment, the viral particles are not pathogenic because they are never 
present in sufficient numbers to cause disease and/or they cannot establish a self-sustained infection 
Class 4 viruses as described below in Table 1 and its accompanying text). Although the viral 
particles produced according to the subject invention are not able to cause disease, they are presented 
ma manner which causes an effective immune response Specifically, the viral particles are released 
from the transduced cells in close physical proximity to the immune system cells which are 
responsible for generating antiviral responses. By creating vims particles which closely mimic the 
natural virion and by selectively concentrating these non-pathogenic virion particles at the locations 
where antiviral responses occur, it is possible to create a highly efficient and effective immune 
response. Advantageously, the virus and the virus producer cells produced according to the subject 
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invention will be ultimately eliminated from the body by the immune system because (a) the virus 
cannot establish infection and (b) the virus induces an antiviral immune response. 

The methods of the subject invention can be used prior to the host being infected so as to 
raise an immune response which will help prevent infection. Alternatively, or additionally, the 
5 methods of the subject invention are useful for enhancing the host's immune response once a viral 

infection has occurred. Such post-exposure treatment can be very important, particularly when the 
viral infection is one which normally would cause a decrease in the hosts natural immune response. 
The enhanced efficiency of the subject invention in generating an antiviral immune response is due 
in part to a unique method for vehiculating attenuated viral particles within the host human or 

1 0 animal. Specifically, the attenuated non-pathogenic viral particles of the subject invention which 

produce the therapeutic or preventative immune response are generated by cells in the lymphoid 
organs such that the release of the viral particles occurs in the location within the human or animal 
body where antiviral responses are generated by cells of the immune system. The release of the virus 
particles in the lymphoid organs is achieved by transducing host cells of the lymphoid organs (or 

1 5 cells which migrate preferentially to the lymphoid organs) with a genetic construct which results in 

expression of the attenuated virus. As described more fully herein, transduction of dendritic cells 
is particularly preferred. 

A further aspect of the subject invention concerns the stimulation or direction of a specific 
immune response of the host by co-introduction into the virus producer cells of at least one gene 

20 expressing an immune modulating molecule in addition to the genetic material encoding the 

attenuated virus. This creates a virus/cytokine producer cell. In a preferred embodiment of the 
subject invention, the virus/cytokine producer cells are designed to express gene products 
preferentially in the lymphoid organs. The cytokine augments and/or influences the type of immune 
response generated by the attenuated virus. 

25 Examples of cytokines which can be used to enhance the immune response or direct a 

particular immune response include, but are not limited to, IL-1, IL-2, IL-3, IL-4, EL- 6, IL-7, IL-1 2, 
TNF, GM-CSF, and IFN. See, for example, Dranoff et al (1993) Proc. Natl Acad. Sci. USA 
90:3539-3543; Nohria, A., R.H, Rubin (1994) Biotherapy 7:261-269; Wolf e t al (1994) Stem Cells 
12:154-168; Kelso, A. (1995) Immunol Today 16(8):374-379; Bentwich et al (1995) Immunol 

30 Today 16(4):187-191; Garside et al (1995) Immunol Today 16(5):220-223; and the references 

cited in these articles. Additional aspects of the present invention include methods for inhibiting 
virus replication and virus-mediated carcinogenesis. In one embodiment, inhibition of viral 
replication is accomplished by cytotoxic T-cells which can destroy cells expressing any viral antigen. 
Cytotoxic cells are produced by inducing either naive or memory T-cells with antigens expressed in 
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the lymphoid organs. This is a highly advantageous feature of the subject invention because it is well 
known that viruses, e.g., human papillomavirus, hepatitis C virus, HTLV-1 and human herpesvirus, 
type 8 (HHV-8) (also called Kaposi's sarcoma herpesvirus (KSHV)), and HIV- 1, can mediate 
cervical and laryngeal cancer, liver cancer, adult T-cell leukemia, and Kaposi's sarcoma, respectively. 
See, for example, Bedi et al (1995) Nature Medicine 1:65-68. Inhibition of tumorigenesis, 
therefore, can be accomplished by killing cells expressing viral antigens independently, whether the 
vims is directly or indirectly involved in tumor formation. 

Another aspect of the invention is a method for generating a safe genetic vaccine against 
viral infections. This is accomplished as described above by production of attenuated viruses, with 
or without cytokines, in the lymphoid organs of a naive individual. Efficient antigen presentation 
in the lymphoid organs results in clonal expansion of antigen-specific T-cells which are necessary 
to handle a large number of foreign antigens. Some progeny of antigen-responding cells develop 
antigen-specific memory T-cells which initiate rapidly a larger secondary immune response upon 
subsequent stimulation. 

Thus, the genetic immunization techniques described here can generate from naive T-cells 
a large number of memory T-cells specific to many or possibly all different viral antigens to avoid 
the possibility of antigenic escape. This is achieved by the professional APC (e.g., DC) presentation 
of all viral protein epitopes to different immune cells in the lymphoid organs, as described above. 
In addition, virus is produced which acts as soluble antigen and infects other cells in the lymphoid 
organs. Augmentation of the immune response is achieved by reinfection of other cells in the 
lymphoid organs by the attenuated viruses resulting in secondary antigen presentation. Also, the 
use of adjuvants (e.g., cytokines) or repeated administration of the vaccine can be used to augment 
the specific immune response. 

That such long lasting cross-reactive immunity may be generated has been reported by Selin 
etaL([l994]J.Exp.Med 179:1933-1943). This paper provides evidence that memory cells may 
be substantially restimulated by viruses that are not serologically cross-reactive. This is true for both 
T-cell and B-cell responses. It is known that T-cells recognize short peptides of 8- 13 amino acids 
and that they can cross-react to variants of the original peptide, as well as to unrelated MHC/peptide 
complexes. Therefore, T-cell cross-reactivity may not be limited to related pathogens. Another 
important feature for cross-reactivity is that memory T-cells are present at the same frequency in 
both the lymphoid organs and the blood, a property befitting a cell needed for immune surveillance 
(Lau et al. [1994] Nature 369:648-652). Therefore, unlike naive cells, memory T-cells are exposed 
to antigens which are not in the lymphoid organs and rapidly respond to infections. The genetic 
immunization technique of the present invention generates memory T-cells against all viral antigens 
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presented in the correct conformation, not only primarily by dendritic cells but also by secondary 
infectedcells. In infections like HIV or influenza, a small percent of memory cells generated against 
the conserved or cross-reacting antigens can provide protection against subsequent challenge with 
another subtype. 

Cross-protection between different subtypes of viruses is especially important in the case 
of HIV and influenza infection, where large numbers of different subtypes can rapidly emerge. 
Evidence for cross-protection between different subtypes was recently demonstrated by Marlink et 
al., therefore genetic immunization with HTV-2 may protect against HTV-1 infection (Marlink et al. 
[1995] Science 265:1587-1590). Moreover, as described, this type of genetic mimunization using 
a whole virus will protect against HTV variants more successfully than subunit vaccines in the art. 

The immune response generated by virus (or virus/cytokme) producer cells in the lymphoid 
organs according to the subject invention is a complete antiviral response. For example, where the 
producer cells are dendritic cells and the attenuated vims is integrase-negative HTV- 1 able to produce 
proteins in the infected cells, the immune response can occur by the following means: 

(a) antigen presenting dendritic cells (primary antigen presenting cells) migrate with the 
acquired DNA into the lymphoid organs where, upon protein and virus production, they stimulate 
naive and memory T-cells and provide co-stimulatory signals. Thomson et al. (1995) 
Transplantation 59:544-550; 

(b) immune cells respond to the viral antigens and the free vims produced in situ by the 
dendritic cells. For example, dendritic cells and macrophages present in the lymphoid organs have 
the ability to present viral antigens to both CD4* and CD8* T-cells; 

(c) the anatomical co-location of antigen, antigen presenting cells (APC), and T-cells in 
lymphoid organs, promotes the initiation of a T-cell response. Mammals use cytotoxic T-cells and 
natural killer cells to eliminate infected or otherwise compromised cells and tissues. Cytotoxic 
T-cells recognize peptides presented by MHC class I molecules and natural killer cells look for the 
absence of MHC-I, a common consequence of virus infection and malignant transformation; 

(d) the attenuated virus produced by the dendritic cell may infect other immune cells (e.g., 
CD4 + lymphocytes, dendritic cells, and macrophages) in the lymphoid organs. Viral antigen will 
also be presented to effector cells; 

(e) the antigen in the lymphoid organs stimulates the production of cytokines. These 
cytokines have an effector role inT-ceU(e.g.,Macatonia«a/. [1995] J. Immunol. 154:5071-5079) 
and B-cell mediated immune response, mediate natural immunity (e.g., interferon, CD8 inhibitory 
factor), and regulate activation, growth, and differentiation of lymphocytes and hematopoiesis. 
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Therefore, production of cytokines) together with the attenuated virus can augment and direct the 
immune response; and 

(0 attenuated virus (as extracellular antigen) and CD4 + helper lymphocytes can activate 
macrophages for phagocytosis of the antigen, and activate B-cells for antibody secretion. 

Thus, the subject invention is useful in the prevention and treatment of viral infections and 
other pathological conditions including, but not limited to, cancer. Another aspect includes the 
combination of DNA encoding the attenuated virus with tumor antigens. Since genetic immunization 
results in induction of a strong pnmary and secondary immune response against antigens expressed 
in the lymphoid tissues, immune response will be also directed against foreign antigens (like tumor 
am J g^)engme e n^uuotbeClass4virus. The materials and methods described hereui can be used 
in the treatment and prevention of a broad range of viral infections including DNA and RNA viruses. 
Specifically exemplified herein are materials and methods for the prevention or treatment of 
pathological conditions of humans or animals caused by retroviruses including HIV, SIV, and 
HTLV-1. As used herein, reference to HIV includes HTV- 1 and HTV-2, unless the context indicates 
15 otherwise. 

Following are examples which illustrate procedures for practicing the invention. These 
exampWshouldnotbeconsm^ All percentages are by weight and all solvent mixture 

proportions are by volume unless otherwise noted. 
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Example 1 - Examples of Infectious but Rep lic a-Incomp etent r n ass 4^ Viruses The 
attenuated virus used according to the subject invention must be nonpathogenic. In a preferred 
embodiment, this lack of pathogenicity will be due to an alteration of the viral genome which 
destroys its ability to replicate infinitely. Such replication defective viruses are preferably obtained 
by deletion methods in order to avoid reversion to wild-type virus. Such deletion methods are well 
known in the art. As used herem, reference to attenuated viruses includes mutant viruses. A 
comparison aiid definition of Class 4 viruses are shown in Table 1 and the subsequent text: 
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Table 1. 



Replication above Disease 
threshold 



Mechanism of 
attenuation 


Virus 
designation 


In normal 
host 


In co-infected 
or immuno- 
compromised 
host 


In normal 
host 


In co-infected 
or immuno- 
compromised 

knot 

host 


1 None 


Pathogenic 


Yes 


Yes 


Yes 


Yes 


2 Loss of 
pathogenicity 


A virulent 


(Yes) 


(Yes) 


No 


No 


3 Decreased 
ability to 
replicate 


Replication- 
impaired 


No 


Yes 


No 


Yes 


4 Infectious but 
replicatdon- 
incomoetent 


Replication- 
incompetent 


No 


No 


No 


No 
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The "Mechanisms of attenuation" 1-3 shown in Table 1, based on Baba ex al (1995) 
Science 270:1220-1221, illustrate the various classes of viral attenuation demonstrated in the art, 
and the impact of the attenuation on viral ability to cause infection above a threshold level The 

IS present invention introduces Class 4 attenuated viruses, described in detail below. According to the 

threshold hypothesis, proposed by Baba, retroviral pathogenicity becomes apparent only after the 
level of viral replication surpasses the threshold level in a given host: The threshold level is defined 
as that level of infection above which persistent viremia and pathogenicity are exhibited. Figures 
3 A-3B, based on Baba, illustrates the threshold level concept: 

20 Referring to Table 1 and Figures 3A-3B, Class 1 viruses are unattenuated wild-type viruses, 

capable of replicating above the threshold level and causing disease in the infected host. Class 2 
viruses lade pathogenicity because, although these viruses have the capacity to replicate competently, 
they are not virulent in the host. Hence the *'(Y es)" in the Replication column of Table 1 . Class 3 
viruses may be replication-impaired by a variety of n s, but factors may upregulate viral 

25 replication and restore virulence once the level of threshc*u replication is exceeded. Referring to 

Figures 3A-3B, Class 3 viruses cause disease in individuals with lower thresholds. 

More specifically, infection with a Class 1 or 2 virus (see Table 1) results in persistent 
viremia (these viruses are always capable of replicating above the threshold), which is a potential 
danger to the host independent of the pathogenicity dfthe virus (Figures 3 A and 3B). For example, 

30 retroviruses integrate in the host genome randomly, therefore the possibility of activating an 
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oncogene through integration is high when there is a high level of replication. And although normal 
hosts are able to control the replication of Class 3 viruses (Figure 3A), this mechanism is not 
specific, e.g., for HIV, SIV, or for mutant viruses. For instance, Human Cytomegalovirus (CMV) 
infection causes a transient viremia in a normal host; however, in patients after bone marrow 
transplantation or in AIDS (where die immune system is compromised), the threshold of controlling 
virus replication is decreased (Figure 3B). Consequently, CMV will start to replicate above the 
threshold and cause serious disease. 

Although, in reference to Table 1 , it might appear initially that attenuated viruses in Classes 
2 and 3 could be suitable for genetic immunization, the opposite is so because these viruses are able 
to replicate infinitely under optimal conditions {e.g., tissue culture, immunodeficient patient, 
newborn): For example a Class 3 mutant of SIV deleted in the nef and vpr genes causes AIDS in 
rhesus macaque neonates which have a lower threshold than adults, see Figures 3 A-3B. Class 3 
viruses are thus relatively unsafe for genetic immunization. Similarly, Class 2 viruses are relatively 
unsafe for genetic immunization because virulence may be triggered by secondary infection by a 
virulent virus. For example, while avirulent Rauscher murine leukemia virus (RLV) showed 
protection against low-dose RLV following inoculation with a Class 2 pharmacologically attenuated 
RLV, mice co-infected with high-dose virulent mouse leukemia virus developed RLV disease. Class 
2 viruses, putatively avirulent, nevertheless do not protect against high-dose viral challenge and also 
are too dangerous for vaccine purposes because residual virulence may manifest itself. This residual 
virulence may be triggered by various mechanisms including co-infection, loss of 
immunocompetence, and aging. Thus, prior art vaccine strategies based on live attenuated virus 
continue to pose serious dangers. 

Class 4 viruses are not described by Baba, but are introduced as part of the invention 
described herein. One aspect of the claimed invention involves the generation and presentation of 
Class 4 viruses which are attenuated to remain infectious below the threshold level because they are 
replication-incompetent. In the Class 4 viruses replication is self-limited, meaning that zero to 
several replication cycles may occur; replication is not infinite and remains below the disease 
threshold level such that the patient does not contract disease. The Class 4 viruses are also capable 
of infecting cells, but the infection is incapable of spreading to a significant extent because of the 
incompetent replication abilities. Class 4 viruses are genetically modified so that they can not 
survive in nature. Moreover, infection with Class 4 viruses never results in persistent viremia. Class 
4 viruses are not able to replicate above the threshold, even if the threshold is the minimum {e.g. , 
optimal in vitro conditions). 
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Because of the limited nature of their infection, the Class 4 viruses must be presented to the 
lymphoid organs in order to effect a protective immunogenic response. Importantly, Class 4 viruses 
are constructed in such a way that escape from immunity and return to virulence is impossible, unlike 
Class 2 and Class 3 viruses. Below, we explain in more detail the generation and use of Class 4 
viruses. It is preferred that transduced cells produce a high level of Class 4 vims in the lymphoid 
organs. This may be achieved by the vims' own promoter/enhancer element, or these elements may 
be replaced by a stronger enhancer (e.g., CMV, SV40 enhancers) to promote gene expression in the 
transduced cells. The goal is to maximize the amount of virus particles produced in the transduced 
cells, which results in stronger primary and secondary antigen presentation. 



Example 2 - Integrase-Defective Retroviruses 

In the case of retroviruses (e.g., HTLV, HIV), the attenuated virus is preferably selected to 
be integration-defective to reduce pathogenicity and increase safety. The use of such a mutant in the 
invention is important because, to date, no retrovirus has been shown to be pathogenic in the absence 
15 ofintegrauon. Sakai etal (1993)7. Virol. 67(3):1169-1 174. An mtegrase-defective virus may, 

however, express all viral proteins in native form except the modified integrase (which also can 
present epitopes). Stevenson et al (1990) J. Virol 64(5):242 1-2453. Using integrase-defective 
viruses, the genetic information will eventually be lost by cell division, cell death, and the patient's 
immune response. 

20 The attenuation must be significant enough to avoid viral mutation or other escape. In 

particular, a point mutation is sufficient to effectuate the desired loss of replication competence 
(Camera/ [1995] Virology 208:242-248), yet this is not preferred because of the risk that the virus 
could mutate to regenerate a functional peptide. Therefore, preferably, the mutation to the gene 
would comprise an insertion or deletion of at least three base pairs, and more preferably at least 1 00 

25 base pairs, as long as the desired level of replication is maintained. 

Replication defective viruses harboring a partially or completely destroyed integrase can be 
constructed several different ways: 

(a) In a preferred embodiment, the integrase is 3 '-deleted or at least a section near the 
3 -end is deleted to place the 3 -end out of reading frame to generate a truncated integrase protein. 

30 If the protective immune response requires gene expression also in the infected target cells, an "out 

of frame" mutation which destroys the 3 '-end of the integrase is preferred. This mutation eliminates 
the active site of the integrase as well as the DN A binding site, and therefore the integrase protein 
will not bind to the non-integrated DNA, thus allowing gene expression and protein production after 
infection of the target cells. SeeCaraera/. (1995) Virology 208:242-248; Stevenson et al. (1990) 
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J. Virol 64:2421-2425. The resulting Class 4 virus will not integrate after infection but will be able 
to express a limited amount of viral proteins in infected cells. Consequently, its replication will be 
self-limiting: Class 4 viruses stop replicating after several cycles, even under optimal conditions. 
This strategy generates a strong primary antigen presentation in the transduced cells and also a 
strong secondary antigen presentation of the infected cells due to viral gene expression, which is 
optunal for genetic immunization. Similar attenuation can be used with other retroviruses and 
onco-retrovimses. 

(b) Mutation "m frame," pieserv^^ r^j jr 

Virol. 66(12):7414-7419; Sakaier*/. (1993) J. Virol. 67(3): 1169.1174; Wiskerchen, M M A 
Muesing (1995) J. Virol. 69:376-386) results in replication- and integration-defective viruses. 
These Class 4 viruses are able to infect cells but are not able to efficiently express protein after 
infection of the target cells. Using these viruses for genetic immunization results in an effective 
primary antigen presentation and also a secondary antigen presentation due to the infection. 
However, the secondary antigen presentation from the infected cells is expected to be less effective 
than from cells which are infected and express viral proteins (see above). 

(c) 5' deletion of the integrase gene can also be used to produce an integrase- negative 
retrovirus. However, 5 < deletions generate a very unstable protein. Since retroviral integrase is 
generated from a precursor polyprotein together with reverse transcriptase, it is expected that the 
precursor will also be instable. This protein instability may reduce the efficacy of virus production 
by the transduced cells, and consequently influence the efficacy of genetic immunization. 

(d) Another way to generate Class 4 HTV-1 which cannot integrate is to delete the vpr gene. 
Vpr-defective mutants can criyrephcate ma limited fashion in primary human lymphocytes and not 
in macrophages because the vpr gene product is important for integration. 

Several integrase mutants have been described in the literature (see references cited in Cara 
etal. [1995] Virology 208:242-248) which are not able to imegrate and, therefore, are not able to 
replicate. Smce these viruses are able to infect cells, they may putatively be classified as Class 4 
wuses. Forexample, Cara.,*/ ; described an integrase negative HIV- 1, which has a point mutation 
and can rephcate in a limited way in primary human macrophages but not in T-cells. As described 
a'oove, however, the preferred embodiment comprises a deletion mutant (not a point mutant that is 
less safe) which exhibits self-limited replication in immune cells (macrophages, dendritic cells or 
T-cells). This is advantageous over the prior art because the attenuated virus cannot revert to wild- 
type. In addition, the literature has not reported the growth in dendritic cells of either replication- 
defecnveorintegrase-defectivevirus. Sirmlarly, self-Iimiting replication ofa new virus indendritic 
cells isanewcharacteristic to Class 4 viruses for use m Ws mvention. Finally, the literature has not 
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described Class 4 mutant viruses able to generate immune response when they are expressed in the 
lymphoid organs. 

Example 3 - Gag-Defective Retroviruses 

5 An example of rqjlication-defecdve retroviruses which can stimulate a protective immune 

response according to the subject invention are gag-defective viruses. Gag is processed by the viral 
protease into several structural proteins. By generating deletion mutations within the capsid domain 
of the gag gene, mature particle formation is disrupted, but gene expression is preserved. A 
trans-dominant gag mutant of HIV- 1 was described by Trono et al (1989) Cell 59:113-120. 

1 0 However, no prior art suggests its use in the present invention. This virus can infect cells but is hot 

able to replicate in the target cells. Moreover, if a wild-type virus infects the mutant virus-containing 
cells, the mutant virus can block the replication of the wild-type virus. In the case of HIV- 1 infected 
individuals, producing such replication-defective mutant viruses in the lymphoid organs in 
accordance with the subject invention not only generates an immune response, but also blocks the 

1 5 replication of the wild-type virus. Consequently, the viral load in the lymphoid organs of infected 

individuals decreases, allowing the immune system to respond. 

Example 4 - Other Class 4 Attenuated Retroviruses 

Other Class 4 attenuated HIV viruses which are useful in the present invention include, but 
20 are not limited to, env-defective, protease-defective, rev-defective, pol-defective, tat-defective (Beale 

(1995) Lancet 345:1318-1319), and gp41 mutant viruses. 

Human T-cell lymphotropic virus type-1 (HTLV-1) persists in many years in infected 

individuals, but unlike with HIV- 1, only a minority of them develop disease (adult T-cell leukemia 

or tropical spastic paraparesis). There is a high degree of intraisolate sequence heterogeneity in 
25 HTLV- 1 , although sequence variation between patients is small compared to HIV- 1 . The genomic 

organization of HTLV-1 is similar to HTV, therefore integrase defective HTLV- 1 can be constructed 

by any molecular virologist as described for HIV. 

Also, other genes such as gag, pol, env, rex, and tax can be modified to generate a Class 4 

virus. Although somewhat different, all integrase proteins from retroviruses share similar structures 
30 and domains. Therefore, the same considerations illustrated for HIV-1 apply for other retroviruses 

including not only HIV-2 and SI HTLV-1 but also bovine leukemia virus, feline leukemia virus, 

feline immunodeficiency virus, etc. 
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Example 5 - Other Class 4 Attenuated Viruses 

Non-retroviral viruses that can be attenuated to fit the Class 4 model include herpes viruses, 
influenza viruses and vaccinia viruses (W). There is a need for the development of Class 4 viruses 
far immune therapy. For example, efforts to create an attenuated respiratory syncytial virus vaccine 
have been unsuccessful until recently. Hsu et al (1995) Vaccine 13(5):509- 515. Although Hsu et 
al have apparently developed a temperature-sensitive attenuated virus, that virus remains 
uncharacterized genetically, A better approach would be to design a Class 4 virus as discussed 
above. 

Generally, Class 4 RNA-vinises can be constructed by modification of the polymerase gene. 
Biswas et al (1995) J. Virol 68:1819-1826 demonstrated that viral polymerases contain four 
conserved motifs critical for primer binding function. Genetic alteration of one or more of these 
domain renders RNA viruses, including influenza viruses, retroviruses, yeast 1-A virus, and 
poliovirus polymerases impaired; therefore the progeny virus are replication-incompetent. 

Herpesviruses that may be attenuated for use in genetic immunization include herpes 
simplex vims (HSV), pseudorabies virus, and alphaherpesvirus. Specifically, Cheung and coworkers 
have developed a replication-incompetent virus that is only mildly infectious in swine. The 
attenuation involved deleting DNA encoding parts of two gene products: early protein (EPO) and 
large latency transcript (LLT). Cheung et al {\995)Am. J. Vet. Res. 55(12): 1710-1717. 

Similarly, Farrell and coworkers have developed an attenuated live human herpes simplex 
virus type 1 capable of only a single round of replication and, therefore, lacking pathogenic potential. 
This attenuated virus lacks essential glycoprotein H (gH) and can only be propagated in a cell line 
that provides gH in trans. In order to effect immunization, the virus must be propagated in vitro and 
then inoculated into the subject animal. Fsndletal (1994) J. Virol 68:927-932. According to the 
invention described herein, the DNA encoding either the gH-lacking virus, or preferably a 
gH-defective virus, can be introduced into cells migrating to the lymphoid organs, where the single 
round of replication results in a nearly whole virus being presented advantageously to the immune 
system. 

Alternatively, scientists have pursued other replication-defective human herpes simplex type 
i viruses for vaccine purposes. For example, Morrison et al (1994) J. Virol 68(2):689-696 used 
replication defective (Class 4) HSV bearing mutations in the essential genes encoding infected cell 
protein 8 (ICP8) or ICP27. Mice were immunized with a high dose of mutant virus by 
tail-inoculation. Although such viruses have provided immunity in mice, this type of immunization 
did not provide protection against acute virus replication in the eyes and in the trigeminal ganglion. 
According to the invention described herein, DNA encoding Class 4 HSV would be introduced into 
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cells migrating to the lymphoid organs, where virus replication and antigen presentation would 
induce strong antiviral immunity. 

Analogous to these examples, based on sequence and functional similarity of herpesviruses, 
other herpesviruses can be converted to Class 4 viruses and produced in the lymphoid organs. For 

5 example, productive infection with HHV-8 (KSHV) was recently demonstrated in Kaposi's sarcoma 

cells (KS-cells) (classical, post-transplant, and AIDS associated), confirming the epidemiological 
evidence of the infectious etiology of KS. A genetic immunization, according to the present 
invention, with Class 4 HHV-8 can be used to confer protection against Kaposi's sarcoma. Another 
herpesvirus example is the Human Cytomegalovirus (HCMV) infection which causes numerous 

10 clinical syndromes in immunocompromised individuals, some which are life threatening. These 

infections can cross the placenta and infect a fetus in utero, resulting in congenital birth defects. 
Genetic immunization with Class 4 HCMV (which may be made by deletions of genes responsible 
for viral DNA replication, e.g., ribonucleotide reductase, thymidine-kinase, polymerase) can be used 
to confer protection to these diseases. 

IS Papillomaviruses are small DNA tumor viruses that are associated with epitheliomas, 

squamous papillomas, or fibropapillomas depending upon the host and specific papillomavirus type. 
Despite the encoded oncogen with potent transforming activity, papillomaviruses typically induce 
discrete epithelial hyperplasias that persist for many months to years. Only occasionally do benign 
papillomavirus-induced lesions change to progressive growth or convert to malignant neoplasm 

20 (Howel et al. [1988] Am. J. Med. 85: 155-158). Papillomas rarely regress spontaneously (Kreider 

et al [1968] Cancer Res. 23:1593-1599), indicating that the immune system can recognize infected 
cells. Thus, papillomavirus-infected epithelial cells can not induce a sterilizing immune response. 
The invention described herein overcomes this problem by producing mutant papillomavirus in the 
lymphoid organs where a potent immune response can be generated. Moreover, recent studies have 

25 demonstrated that the product of the virus-encoded El gene is essential for viral DNA synthesis in 

bovine papiUomavirus (BPV) (Bonne-Andrea <tf al. [1995] J. Virol. 69:2341-2350). Thus, a Class 
4 BPV can be constructed for genetic immunization by mutation of the E 1 gene and deletion of the 
transforming oncogenes. 

Other viruses used in current vaccine strategies with limited effect could gain new efficiency 

30 if delivered to the lymphoid organs as described herein. In particular, replication-incompetent 

poxviruses used as subunit vaccines exhibit little and non-reproducible efficacy. However, the broad 
host range and the ability to express multiple genes makes vaccinia virus vectors suitable for genetic 
immunization. Direct inoculation of such vaccinia based vaccines into the skin have not generated 
a reproducible protective or effective immune response. For example, Gallimore et a!, reported 
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immunization of monkeys with recombinant vaccinia virus carrying an SIV gene ([1995] Nature 
Medicine 1:1167-1173). Despite triple introduction of high amounts of vaccinia virus by 
scarification, identically immunized animals made different amounts of CTL responses. Therefore, 
protective immunization cannot be achieved this way. Introduction of those viruses into cells' 
traveling to the lymphoid organs and the production of these viruses there will increase the potency 
ofthein^uneresponse. This recombinant virus can cany any foreign gene, e.g., tumor antigen, to 
generate, for example, aiitmnncn- immune response. The mechanism is similar to that described with 
HIV, above, but may be stronger because vaccinia infects all types of cells; therefore it may generate 
n^secondaryAPCs. Thus, the immune response would be generated against vaccinia as well as 
agamst the foreign antigen (or antigens) cloned into the vaccinia virus vector. Non-replicating 
poxviral vectors have been already created, but not for use in the present invention. See, eg. 
Radaellm*/ (1994) Vaccine 12:1 110-11 17; Tartaglia er a/. (1992) Virology 188:217-232; Taylor 
efal. (1991) Vaccine 9:345-358. 

Wild type viruses which do not productively infect cells in the lymphoid organs are also 
Class 4 viruses, if their production is limited in the lymphoid organs. Gene expression from the 
transduced DNA of these viruses may also generate the required immune response m the absence of 
pathogenicity. However, for safety reasons, it is suggested that one renders the viruses molecularly 
replication-incompetent 

Example 6 -Combination nf CA™ 4 Attenuate Vim., with Cvtnlmn 

DNA encoding a Class 4 virus may be engineered to express at least one gene encoding an 
urnmmemalulaungmolecufemad^^ ^ 

creates a • Wcytokine producer cell." Examples of cytokines which can be used to enhance the 
immune response or direct a particular unmune response mclude, but are not limited to IL-1 H-2 
EL-3, IL-4, EL-6, IL-7, IL-12, IL-15, IL-16, TNF, GM-CSF. IFN, and chemokines, such as' 
RANTES and M1P1. See, for example, DranorT et al. (1993) Proc. Natl. Acad. Sci. USA 
90:3539-3543; Nohria, A., R.H. Rubin (1994) Biotherapy 7:261-269; Wolf,/ al. (1 994) Stem Cells 
12:154-168; Kelso A. (1995) Immunol Today 16(8):374-379; Bentwich e, al. (1995) Immunol 
^16(4):187-191 ; Ck^^^ 
Science (Dec. 1995), and the references cited in these articles. 

touK^ofdiseasecausedby retroviral HTLV-1 and HIV) it is particularly 

advantageous for a replication-defective virus to be produced by the virus producer cells in the 
lymphoid organs. For example, WV-1, HIV-2, FTV, or SIV, can infect in the lymphoid organ CD4 + 
T-cells, macrophages and dendritic cells. After internalization and reverse transcription of the Class 
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4 virus construct of the subject invention, the target lymphoid cells support only minimal replication 
of the defective virus. Thus, production of intact retroviruses in the cytokine-rich lymphoid organs 
does induce an immune response against the viral antigens. The exact nature of this immune 
response can be modulated according to the subject invention based on the nature of the 

5 virus-producing cells ami the cytokine pattern present in the lymphoid organs. Therefore, the nature 

of the immune response can be influenced by co-introduction of a cytokine gene into the virus 
producer cells. Consequently, these cells produce in the lymphoid organs attenuated viruses and 
cytokines together, thus promoting a specific type of immune response against the virus. For 
example, the gene encoding IL-12 has been cloned and expressed in vitro. Dendritic cells producing 

10 IL-12 have been shown to enhance IFN-producing Thl cells from CD4+ T cells. Macatonia et al. 

(1995) 1 Immunol. 154:5071-5079. Standard techniques may be used to clone the gene for IL-12 
into the DNA encoding the Class 4 virus described above, so that cells transduced with this DNA 
will also express IL- 12. The expression of IL-12, along with the Class 4 virus, in the lymphoid 
organs enhances the subsequent immune response involving Th cells. This technique is applicable 

15 with any cloned cytokine gene, as noted above. Moreover, the transfer of genes encoding cytokines 

into lymphocytes and tumor cells has been proposed (Schmidt-Wolf (1995) Immunol. Today 
16(4): 173-175), but the combination of the cytokine gene with the Class 4 virus and its production 
in the lymphoid organ, as contemplated herein, will prove even more advantageous as a method of 
enhancing genetic immunization. 

20 

Example 7 - Combination of Class 4 Attenuated Virus with Tumor Antigens 

As described above, the present invention is useful to generate an antiviral immune 
response. Another aspect of the subject invention includes the combination of DNA encoding the 
attenuated virus with tumor antigens. Since genetic immunization results in induction of a strong 

25 immune response against antigens expressed in the lymphoid tissues, the immune response can also 

be directed against foreign antigens engineered' into a Class 4 virus. All tumor cells express genes, 
the products of which are required for malignant transformation. Even after transformation, tumor 
formation is often the result of an inefficient immune response. It is also well known that an 
effective antitumor immune response can result in tumor regression. Tumor cells which express 

30 antigens that induce an immune response in the host have been demonstrated in both animal models 

and human cancer patients. See generally Abbas etaL 9 supra at pp. 357-375. Therefore, Class 4 
viruses can be used to generate an antiviral immune response which in turn generates anticancer 
immunization. Examples of such antigens include MAGE- 1 , exhibited in 50 percent of melanomas 
and 25 percent of human breast carcinomas; p21ras proteins with point mutation at position 12, 
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exhibited in 10 percent of human carcinomas; p21 product of bcl/abl rearrangements, exhibited in 
chronic myelogenous leukemia; Human papillomavirus E6 and E7 gene products, exhibited in human 
cervical carcinoma; and EBV EBNA-1 gene product exhibited in Burkitt's lymphoma and 
nasopharyng^carcmoma. Two more-thoroughly charactenzed human cancer-related antigens are 
alpha-fetoprotein and carcinoembryonic antigen. Recently, Grabbe et al. have reported that the 
differential presentation of tumor antigens by antigen-presenting cells may be critical for the 
ef^venessoftumorimmuneresrxaises. (Grabbe et al. [1995] Immunol. Today 16(3):1 17-121.) 

In a preferred embodiment of this invention, dendritic cells transduced by a DNA encoding 
a Class 4 virus effectively elicit an immune response. The DNA encoding the Class 4 virus can be 
engineered to also express one or more tumor antigens. Accordingly, cells expressing and presenting 
antigens in the lymphoid organs efficiently elicit the host's immune response against tumors bearing 
that antigen(s) m addition to the immune response against the attenuated virus. Cytokine genes also 
cloned into Class 4 viruses with the tumor antigen can influence and augment the immune response. 
One example for Class 4 viruses which can harbor tumor antigens is the recombinant vaccinia virus. 
This virus is easy to manipulate to efficiently express foreign genes; also its broad tropism makes 
it possible to generate not only primary antigen presenting cells but . also secondary antigen 
presenhngcells. Another example is the use of integrase negative HIV. In this virus, nef is an early 
highly expressed protein. Introducing a tumor antigen in the nef open reading frame and/or in the 
deleted integrase can confer not only antiviral but also antitumor immune responses. 

Example 8 - Transduced Cti\s 

The virus producer cells of the present invention are preferablv transduced cells 
Transduced cells carry the DNA encoding the Class 4 attenuated virus, and optionally in addition 
to the viral DNA, genetic material encoding cytokine(s) and/or tumor antigen(s), into the lymphoid 
organs, where the DNA encoding the attenuated virus, cytokine, and/or tumor antigen is expressed 
The cytokine and tumor antigen encoding DNA are preferably introduced to the virus to generate 
secondary antigen presenting or cytokine producing cells. However, this is not necessary. Cytokine 
or tumor antigen DNA can also be introduced into the virus producer cells on a separate, independent 
plasm.d. Also, virus producer cells can be mixed with cytokine producer cells to achieve the same 
30 augmentation of the immune response. 

In a preferred embodiment of the subject invention, the cells which are transduced with any 
of the aforementioned attenuated viruses, including, for example, integrase-defective or 
rephcation-defective viruses, are the cells of lymphoid organs or are cells which preferentially 
migrate to the lymphoid organs. Transduction of these cells is particularly advantageous because 
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the lymphoid organs are the primary site of the induction of a host's natural defenses against viral 
infections. In a particularly preferred embodiment, the transduced cells are dendritic cells. However, 
several different types of cells can be used as virus producer cells in the lymphoid tissue. The cells 
that can be used as virus producer cells are discussed in more detail in the Examples which follow. 

5 

Example 9 - Autologous or Svneenic Dendritic or Langerhans Cells 

Class 4 virus producer cells are preferably produced by introducing DNA encoding an 
attenuated virus to dendritic cells (abundant in the lymph nodes and spleen) or Langerhans cells 
(found in the epidermis) which are bone marrow-derived and extremely efficient at presenting 

1 0 antigens to CD4+ helper T-cells, CD8 + cytotoxic T-cells, and naive T-cells. Grabbe et al ( 1 995) 

Immunol Today 16(3): 1 17-121. Langerhans cells are capable of migrating from the skin to the 
lymphoid organs. Abbas et al t supra at p. 124. Moreover, Thomson et al ([1995] 
Transplantation 59:544-55 1) have shown that in Wrro-cultured dendritic cells are homing to the 
draining lymph nodes and spleen, where they persist at least two months. Dendritic cells are, indeed, 

1 5 ''professional antigen presenting cells." Additionally, foreign protein presented by dendritic cells 

can generate a CTL response (Rouse et al [1994] J. Virol 68:5685-5689), which is advantageous 
for the ultimate complete elimination of infected or viral antigen-producing cells. 

Dendritic cells can be isolated from bone marrow, peripheral blood, umbilical cord blood, 
and other organs utilizing techniques known to those skilled in this art. A simple procedure 

20 described to generate dendritic cells has been recently described using granulocyte macrophage 

colony stimulating factor (GM-CSF) plus 1L-4 (Romani et al [1994] J. Exp. Med. 180:83-93; 
Sallustoe/a/. [1994] J. Exp.Med. 179:1109-1118). 

Thus, a preferred embodiment of this invention employs dendritic cells to carry the Class 
4 attenuated viruses to the lymphoid organs. These cells can be isolated, transduced with DNA 

25 encoding an attenuated virus, and reintroduced to the host. DNA encoding attenuated virus such as 

the 3 '-deleted integrase defective virus described above, can be introduced into dendritic cells by the 
processes outlined in Examples 13 and 14. 



Example 10 - Allogenic Dendritic Cells 
30 In accordance with the present invention, allogenic dendritic cells isolated, for example, from 

cord blood, can also be transduced to create virus producer cells. This allows antigenic producer-cell 
transplantation in the absence of graft-versus-host disease. Allogenic cells are easily obtained 
through practices well known to those of ordinary skill in the art. DNA encoding the attenuated virus 
is introduced into allogenic cells by the methods described below in Examples 13 and 14. 
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Example 1 1 - Fibroblasts 

Fibroblasts can also be transduced with a Class 4 attenuated virus of the present invention 
to create virus producer cells. It is known in the art that fibroblasts can be used to induce T-cell 
response because they carry and efficiently present the antigen to the lymphoid organs (Kundig et 
al. [1995] Science 268: 1343-1347). Fibroblasts are easily obtained via practices known to those 
of ordinary skill in the art and are transduced by the methods described below in Examples 1 3 and 
14. 

Example 1 2 - Allogenic or Xenogenic Cells 

In accordance with the subject invention, transduced cells cany Class 4 DNA to lymphoid 
organs and produce virus. The free virus in the lymphoid organ stimulates immune cells for antigen 
presentation and immune response. Consequently, the transduced cells are recognized by the 
immune system as infected cells and are eliminated, regardless of whether the cells are autologous 
or allogenic. The difference may be the speed of elimination. In case of efficient virus production 
and antigen presentation transduced cells may induce sufficient immune response in a shorter period 
of time. If the transduced cell itself is unable to act as the primary APC, the produced virus can 
function as a free antigen, and the infected cells can function as secondary APCs. Large amounts 
of ehher allogenic or even xenogenic transduced cells may be produced, and aliquots can be used for 
genetic immunization for all individuals. 

It should be apparent to those skilled in the art that in addition to those discussed above, any 
other cells able to produce virus or virus/cytokine(s)/tumor antigen(s) in the lymphoid organs can 
also be used as virus producer cells to introduce Class 4 attenuated viruses directly to the lymphoid 
organs to achieve the advantages of the present invention as herein described. 

Example 13 -In vitro Tra nsduction and Administrat ion of Transduced Cells 

Genetic material is mtroduced into the appropriate cells to convert them to virus or 
virus/cytokine producer cells. The appropriate cells are obtained through any variety of methods 
known to those of ordinary skill in the art. The cells may be obtained from the patient to be treated, 
as *n autologous source. Presentation of antigens in association with MHC and co-stimulatory 
molecules results in enhanced cell mediated response. Cells from different individuals or different 
species may be selected for transduction into an unrelated patient because Class 4 virus is produced 
from transduced cells which can infect the patient's host cells which then present the antigen in 
association with the host MHC and co-stimulatory molecules. Therefore these xenogenic infected 
cells can also function to carry the viral DNA to the lymphoid tissue. 
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In vitro transfer of DNA encoding Class 4 viruses can be performed by using, for example, 
infection, electroporation, liposomes, virosomes, DNA-polylysine-adenovirus complexes, or 
polyethylenimine. These methods are well known to those skilled in the art. For example, methods 
for using liposomes to deliver genetic material to specific cells have been described in detail in WO 
5 92/06677 (Schreier et al [1992]). Alternatively, viruses (e.g. , vaccinia or pox viruses) capable of 

abortive infection (more than one cycle) can be used to effectively transduce DNA in the cell and 
produce Class 4 viruses. 

In accordance with the present invention, virus producer cells, such as transduced cells, may 
be administered to the human or animal subject by: 
10 (a) Intrasplenic injection. This is preferred because it results in the highest probability 

of the transduced cell reaching the lymphoid organs. 

(b) Injection directly into the lymphatic system. 

(c) Injection directly into the tonsils is also preferred because it is an accessible 
lymphatic organ. 

15 (d) Intravenous injection. The dose depends on the amount of virus produced by the 

vims producer cells. Repeated administration of virus producer cells can be used 
to augment the immune response. 

(e) Intraperitoneal injection. 

(f) Intradermal injection. 
20 (g) Intramuscular injection. 

In practice, the optimal number of cells to be injected and the repeated injection must be 
established on a per-patient basis, based on the generated immune response. This determination can 
readily be made by a person skilled in the art having the benefit of the subject disclosure. 

25 Example 14 - In vivo Transduction 

In accordance with the present invention, DNA encoding a Class 4 attenuated virus, with 
or without associated tumor antigen or cytokine genes, may be administered directly to the cells for 
transduction and migration to the lymphoid system by: 

(a) Direct DNA injection. After intramuscular, intrasplenic, intratonsillar or 
30 intradermal injection of the plasmid construct, the DNA is picked up by cells which 

become virus or virus/cytokine(s) producer cells in the lymphoid organs. D. 
Weiner (1995) Aids Research & Human Retroviruses 11(1):S136) has 
demonstrated that DNA injected intramuscularly is expressed and generates an 
immune response. DNA so incorporated by dendritic cells present near the 



BNSDOCID: <WO 9731 1 19A1.L> 



WO 97/31119 



PCT/US97/02933 



25 



10 



15 



20 



25 



30 



(b) 



injection she may be earned to and expressed m the lymphoid organ. Direct DNA 
injection in accordance with the present invention preferably is made into sites 
loaded with dendritic cells, e.g., the tonsils or spleen, to achieve optimal antigen 
presentation. 

Injection of liposomes or virosomes containing the DNA. Virosomes and 
^Posc^caabcuscdtod^amAtOiicndhticc.ns. Intradermal, intrasplenic, 
intratonsillar, intramuscular and intravenous injections are preferred. 
(0 Direct intrasplenic injection of Class 4 pox viruses, which can abortively infect 
human cells. DNA can be delivered in vivo directly to antigen presenting cells by 
infection and virus particles will be produced in the lymphoid organs, 
(d) Rectal or vaginal suppositories carrying, for example, DNA, liposomes, or 
vuosomes may be a particularly advantageous method of delivering DNA encoding 
Class 4 constructs to cells migrating to the lymphoid organs. Moreover, 
suppositories avoid the need for sterile needles or medical facilities, and provide 
antiviral therapies otherwise lacking in developing countries. See, e.g., Marlink et 
al (1994) Science 265: 1587-1 590. 

Example 15 - Genetic Immunisation for Prevention ^ T~ atment of niw>>g „ e 

Genetic immunization according to the subject invention results in induction of a strong 
unmune response against antigens produced in the lymphoid organs; consequently, genetic 
"nmumzation according to the subject invention is useful for prevention and treatment of diseases 
hke vnal mfections and cancer. Additionally, attenuated, rephcation-defective, and/or integration- 
defective viruses used for genetic immunization are highly advantageous because they cannot 
cstabhsh mfection, cannot induce oncogene expression or gene disruption as result of integration, 
and do not influence cells responsible for reproduction. 

h ^ of ^^clikeinf^ 
(** , breast cancer), the use of genetic immunization as prevention is particularly appropriate In 
the case of viral infections the genetic imniunization preferably generates long-lasting and 
cross-reactive immunity. IWs is not possible with present vaccine candidates because subunit 
vaccmes often do not present antigens in *e correct place ^ 

Ukehhood of inducing cross-reactive memory T-ceUs is small. Although live attenuated viral 

vaccmes have provided cross-protection, that protection was onry generated several months after 

immunization. 
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The invention described herein solves major problems in vaccine development by presenting 
antigens in correct conformation in the place where the immune response is generated. 
Consequently, the immune response is long-lasting and cross-protective. Moreover, since an 
attenuated virus is produced where the immune cells are concentrated, infection of bystander cells 
results in antigen presentation which leads not only to induction of humoral and cellular immune 
responses but also induction of natural immunity (e.g., natural killer cells and macrophages) and 
production of soluble factors (e.g., cytokines, interferon, chemokines). Memory T-cells, other 
responding cells and soluble factors continuously circulate in the blood and reach the skin and the 
mucosa, where they generate a rapid immune response to viral or tumor antigens. Moreover, genetic 
immunization against HIV-1 can result in a long term cross-protective immunity. Similarly, 
attenuated viruses can be used for vaccination against other retrovirus-induced diseases because 
retroviruses cannot replicate in the absence of integration. For example, integrase-defective HTLV-1 
can be used for vaccination of persons infected with HTLV-2, which causes leukemia and 
neurological diseases. Also, integrase defective retroviruses can immunize cats against FIV or 
bovines against BLV. 

The genetic immunization techniques of the present invention can also induce an immune 
response in cases where the pathogen or disease is already present and is especially beneficial for 
treatment when the immune response induced by a pathogen or oncogen is not adequate to eliminate 
infected cells or tumor cells. In the case of HIV infection, the therapeutic effect of genetic 
immunization depends on how fast the response is carried out after infection. Long term 
non-progressors, characterized by low virus burden and intact lymphoid organs, may clear the virus 
after genetic immunization. In contrast, patients characterized by high viral load and destroyed 
lymphoid organs may not develop therapeutic immunity. These patients' bodies should first be 
repopulated by cells genetically resistant to infection, which can be achieved by introducing an 
antiviral gene into stem cells and/or peripheral cells (Lisziewicz et al [1995] J. Virol 69:206-212). 
If the immune system is able to regenerate it will automatically eliminate the residual viruses. 
Genetic immunization can also be used as a therapy in HTLV- 1 infection, where only a small portion 
of the patients develop disease. 

The genetic immunization techniques of the present invention can also be used as 
immunotherapy for tumors. Current strategies are aimed to create a cytokine-rich environment by 
transfecting tumor cells with cytokines or converting the tumor cells to antigen presenting cells by 
transfecting them with co-stimulatory molecules. Kundig et al ([1995] Science 268:1343-1346) 
suggested that tumor cells can be delivered into the lymphoid organs, which are naturally cytokine- 
rich, to induce a protective immune response. The subject invention provides for genetic 
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immunization against tumors. One application is for the treatment or prevention of tumors 
generated by a viral infection (directly or indirectly). In these cases, viruses can be genetically 
modified to become Class 4 and genetic irnrnunization performed according to the present invention. 

The subject invention can also be used for the prevention and/or treatment of tumors which 
are not a result of a viral infection. All tumor cells express genes, those products required for 
mahgnanttiansformatioa In marry instances, tumor-causing genes have already been identified. For 
example, MAGE-1 (melanoma antigen- 1) is expressed in up to 50 percentof melanomas and 25 
percent of breast caremoma^^^^ This gene can be inserted 

into a Class 4 virus (e.g., vaccinia or HIV) and transduced (or infected in the case of pox vectors 
which abortively infect human cells) into cells where an immune response is generated against the 
tumor antigen and the Class4virus. Another method used to generate an immune response against 
tumor antigens is to transduce into the cells a plasrnid expressing only the tumor antigen; however, 
in this case, a secondary immune response (due to infection of bystander cells) cannot be generated 
agamstttetumorantigea The cytotoxic T-cell response generated by this genetic immunization will 
euminate the tumor cells and the memory cells will be responsible for immune surveillance against 
this tumor. 

Any Class 4 virus can be used according to the subject invention for antitumor genetic 
immunization. It is preferred that the Class 4 virus has tropism to infect the immune cells in the 
lymphoid organs to generate the secondary antigen presenting cells. Replication defective vaccinia 
virus vectors are already developed for clinical use. These Class 4 vaccinia viruses are characterized 
*»^b B *n^m*^u>lW<^w*fr 9 *M. Therefore, several tumor antigens 
can be introduced to one virus and generate immunity against different tumor antigen expressing 
cells. Generation of an immune response against several tumor antigens has great advantages in 
cases where one kind of tumor can express different tumor antigens (for example, only 50 percent 
of melanoma express MAGE- 1 ). 

Example 16 - Genetic Immuniyatinn HTY 

Following is a step-by-step description of one embodiment for carrying out the methods of 
the subject invention. 

. 1, Preparation of DNA enr/vtin p r i ntegratinn frfrctive HTV-1 an H STV 

(a) Deletions into the mtegrase gene are mtroduced by random mutagenesis in order 
to truncate the mtegrase in random fashion. In vitro characterization of the mutant viruses can be 
used to confirm that the progeny of me virus is Class 4 and is capable of gene expression and antigen 
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presentation after infection of target cells. Generating an "out of frame" deletion in the central part 
of the integrase gene is preferred. Figures 2A--2B illustrate the wild-type HIV genome, the 
particulars of the integrase protein, and an example of the attenuated integrase gene that generates 
a Class 4 vims. Specifically, this mutation results in a truncated integrase protein which starts at the 
5 '-end as the wild-type and stops at the first stop codon after the deletion. The mutant protein can 
be, for example, about half the size of the wild-type integrase. 

(b) Targeted deletion within the integrase gene can be generated by PCR (in the 
presence of a proofreading enzyme). Plasmid DNA encoding an HIV or SIV provirus can be used 
as a template. Primers are designed to anneal to the integrase gene at the site of the desired 
deletion^). The deletion can start 5 ' from the active site of the integrase and finish at the 3 '-end of 
the integrase. The generated PCR product is a double stranded DNA, which is ligated to obtain a 
circular plasmid with the deleted integrase gene. DNA is amplified by PCR or transformation into 
a microorganism such as E. coli or yeast. Using this strategy, the 3 '-end of the integrase gene can 
be eliminated This is a preferred strategy because (a) epitopes from the 5 '-end of the integrase are 
presented from transduced or infected cells, (b) destruction of the central part of the integrase results 
in deletion of the active site of the protein (maximizing safety because of the lack of integration), and 
(c) eliminating the 3'- end of the molecule decreases the binding of the integrase to the unintegrated 
DNA. Since this protein-DNA interaction inhibits gene expression, maximum efficiency of gene 
expression in the infected cells is achieved by truncation of the integrase protein at the 3 '-end. 
Similar truncation of the integrase was already demonstrated (Cara ex al (1995) Virology 
208:242-248), however, the Cara mutation was a point mutation which is less safe for the genetic 
immunization of humans. In addition, Cara and other work with integrase-negative viruses have 
only analyzed the virus production in lymphocytes and macrophages, but have not characterized the 
antigen presenting properties of the infected cells, which is a key element for genetic immunization. 

2. In vitro characterization of integration defective viruses and selection of Class 4 viruses 
for genetic immunization . 

(a) Characterization of Class 4 integrase defective viruses . In one embodiment, 
integrase-negative virus particles are produced after transfection (CaP0 4 procedure) of 293, HeLa 
or HeLa-Tat cells lines. The amount of viral particles can be determined by p24 or, in the case of 
SIV, p27 antigen capture assay ( Immunotech). These viruses are then used for infection of activated 
(PHA + IL-2) primary human peripheral blood mononuclear cells (PBMC), primary CD4 + T-cells, 
primary macrophages and/or dendritic cells cultured under optimal conditions for HIV/SIV infection. 
Virus production and spread can be monitored by antigen capture assay and PCR. Antigen 
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presentation can be dctennined by a T-cell proliferation assay. These experiments are designed to 
ensure the optimal conditions for vims replication. Class 4 viruses will either not establish infection 
or the replication will terminate after several cycles. Preferably, mutant viruses which productively 
infect cells under these optimal conditions are not further considered for genetic immunization. It 
can also be deterniined whether these infected cells can present antigens to CD8' and CD4 + HTV-1 
specific T-cells and for naive T-cells. If the virus can express genes in the absence of integration in 
the infected cells, it will activate fflV- 1 specific memory cells. Infected dendritic cells will present 
antigens and activate CD8 + naive and memory cells and also present viral antigens for CD4* T-cells. 
The optimal integration defective virus will infect CDT T-cells, macrophages and dendritic cells and 
express viral genes in the target cells for antigen presentation. 

fl>) Transduction of human Anftift . ff ii. Human dendritic cells can be isolated 
from peripheral blood, bone marrow and cord blood. The cells can be cultured with GM-CSF and 
IL-4. DNA encoding the integrase negative HTV and SIV can then be transduced into these cells. 
Electroporation, infection, liposomes, virosomes, and/or polyethylenimme-mediated gene transfers 
can be applied, and optimal conditions for transduction are established using standard techniques. 
After transduction, virus production can be monitored by p24 antigen capture assay and the number 
of virus producing cells monitored by immunofluorescence assay. As described above, antigen 
presemationtomemoiy and naive T-cells can be assayed. Strong activation of naive and memory 
T-cells by transduced dendritic cells results. 

(c) transduction of lymphocytes . Primary CD4* lymphocytes are isolated from 
normal human donors, activated with PHA and cultured with IL-2. Integrase-negative HIV DNA is 
then introduced (e.g., electroporation or other methods) and virus production monitored by p24 
antigen capture assay. This experiment can be used to further ensure that integrase-defective viruses 
cannot establish productive infection Similar experiments can be done with SIV using monkey cells. 

(d) Transduction of murine fibroblasts and HenH^ ,. ~iic Integrase-negative 
HTV-1 DNA can be transduced into dendritic cells and fibroblast of murine origin. Virus production 
is monitored by p24 antigen capture assay. This experiment can be used to determine whether 
murine cells are able to express a particular Class 4 virus 

(e) Evaluation of immune response in h.,m n t ^u histncnlti.n. Human tonsil 
cultures rnay be iised as a model for studying the human immune response. This is beneficial in the 
present invention if animal models do not fully mimic the characteristic pathology of HTV infection. 
A tissue culture rnethod was recently developed (Glushakova et al. [1995] Nature Medicine 1.1320- 
1322) wluch supports HTV-1 replication according to the current invention Integrase-negative HTV- 
1 DNA can be transduced into autologous dendritic cells isolated from peripheral blood as described 
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above. Varying amounts of these cells are then microinjected into the human tonsil tissue blocks. 
Induction of CTL and antibody responses are monitored. In subsequent experiments, tonsil cultures 
(injected with dendritic cells) can be challenged by infection with different types of HIV and the 
inhibition of virus replication measured by antigen capture assay. Cross-protection of different 
subtypes is easily studied in this model because of the generation of a strong antiviral immune 
response in this system Similar experiments are performed in tonsil cultures isolated from infected 
individuals, preferably children. 

3. in vivo (murine model ) testing of g enetic immnniz^n If the experiment described in 
2(d), above, demonstrates virus production by transduced murine dendritic cells or fibroblasts, the 
following experiments can be performed in mice. (Alternatively, human CD4 transgenic mice may 
be used instead of normal mice. In this model HIV- 1 cannot establish productive infection, however 
it may have the advantage that the mutant virus is able to enter into bystander immune cells.) 

Murine model: Tumor cells expressing HTV- 1 proteins (e.g. , gp 120) can be generated by 
transfcction and in vitro selection. These cells are then inoculated into mice which produce tumors. 
Induction of immune surveillance via both the MHC class I and class II pathways is accomplished 
by genetic immunization and will protect animals against tumor challenge. This murine model also 
tests for genetic immunization against tumors because integration defective HIV-1 carries as part 
of the viral genome gpl20 which, in this model, is a tumor antigen. This model differs from the 
previously described models because the transduced cells produce a free virus which can be captured 
by other cells (e.g., by phagocytosis) in contrast to only expressing an antigen. Other tumor models 
can also be used in conjunction with expressing the corresponding tumor antigen. 

(a) To assess the efficacy of genetic immunization, different doses (10 to 10 7 ) of 
murine dendritic cells cultured with GM-CSF and IL-4 and transduced with integrase defective 
HIV-1 can be injected intravenously, intradermally, intramuscularly, intraperitoneally, and into the 
spleen of syngenic mice. This allows examination of whether genetic immunization with transduced 
dendritic cells induces a CD8 + CTL response against gpl20 in vivo and in vitro. Mice are 
inoculated with the gpl20 expressing tumor cells. Development of tumors is subsequently 
monitored for up to, for example, 60 days. The specific cytotoxicity of gp 1 20 is also measured after 
in vitro restimulation of spleen cells according to Zinkernagel et al ([1985] J. Exp. Med. 162: 
2125). This experiment can also be used to evaluate the role of the site of the injection in a particular 
system. 

(b) The experiment described in (a) may be repeated in CD4 transgenic mice. CD4 
cells of these mice can be infected by HIV, therefore comparison of genetic immunization between 
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normal and CD4 transgenic mice can be used to evaluate the role of the secondary antigen presenting 
cells in the generation of immune responses. 

(c) Murine fibroblasts (e.g., fibroblastoma cell line) transduced with integrase- 
defective HIV-1 can be injected as described above to determine the efficiency of the immune 
response of genetic unraunization with "non-professional" antigen presenting cells in a particular 
system. 

(d) Experiment (a) can be repeated in allogenic recipient cells to assess whether 
autologous or syngenic cells are best for a particular genetic immunization. Since HIV does not 
infect murine cells, secondary antigen presenting cells will be not generated in mice. Therefore, 
cross-priming with host MHC may be required in mice, but not in monkeys or humans. 
Alternatively, the produced virus may be processed by the allogenic recipient professional antigen 
presenting cells (even in the absence of infection), which may also result in rejection of tumor and 
CTL response to viral antigens. 

(e) Direct injection (intravenous, intrasplenic, intradermal, intramuscular, 
intraperitoneal) of different amounts (1-40 ug) of DNA encoding an integrase defective HIV may 
be used instead of injection of the transduced cells for procedures described above to assess the 
efficiency of in vivo introduction of DNA and whether this method will result in transduction of 
antigen presenting cells, generation of CTL responses, and elimination of tumor cells in a particular 
embodiment. 

(f) Different amounts (1-40 ug) of DNA encoding an integrase-defective HTV-1 
can be encapsulated into liposomes and virosomes for injection (intravenaL intrasplenic, intradermal, 
intramuscular, intraperitoneal) into a mouse or other host as described above. These procedures help 
to assess the efficiency of these gene delivery systems can transduce immune cells in vivo, and 
whether in vivo transduction results in an effective CTL response capable of euminating gpl20- 

25 expressing tumor cells. 

(g) When one of the above procedures results in tumor rejection and generation of 
a CTL response to the produced virus, the murine model may then be readily used for testing of 
rectal and vaginal suppositories carrying the integrase deficient HIV DNA encapsulated into 
liposomes or vii'osomes. 

(h) Replication defective vaccinia viruses are able to infect murine cells because of 
their broad host range. Dendritic cells can be infected with gpl20-expressing vaccinia virus which 
abortively infects cells (instead of transduction with DNA). As infected cells can produce infectious 
virus particles (monitored in vitro by titration on a susceptible cell line), these cells are used to 
detennine the efficiency of genetic immunization by procedures described above. 
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(i) Once replication-impaired vaccinia (or other pox) is shown to infect murine 
dendritic cells in vitro and produce infectious particles, in vivo infection into the spleen can then be 
performed using different viral doses. Spleens of the sacrificed animals are monitored for vaccinia 
production after w vivo infection. Animals can also be challenged with tumor cells. Tumor 
5 development and antitumor CTL activity are subsequently measured. 

Murine Moloney Leukemia Vims (MMLV) can efficiently infect murine cells and cause 
leukemia in the murine model. Integrase-defective MMLV can be constructed as described for 
HIV-1 and used for genetic immunization in procedures described above. The advantage of this 
model is that mice are the natural hosts of MMLV (as are humans for HIV or monkeys for SIV) and 

10 inhibition of virus replication can be measured instead of tumor formation. Also, integrase-negative 

Feline Immunodeficiency Virus may be used in cats as an animal model; however, to assess the 
antiviral activity of genetic immunization, we prefer the use of non-human primates because the 
results can be applied most readily to humans. 

4. In vivo (non-human primate model) testing of genetic immunization . Macaques infected 

15 with SIV develop AIDS within two years, and the disease progression is very similar to HIV in 

humans. Using this animal model, genetic immunization can be tested as prevention as well as 
therapy. Integration-defective SIV is expressed effectively in macaque cells (gene expression is 
properly activated by tat), and the produced virus in the lymphoid organs can infect other immune 
cells and therefore generate secondary antigen presenting cells. This is an excellent model for testing 

20 the efficacy of genetic immunization. 

(a) Autologous dendritic cells cultured with GM-CSF and 1L-4 can be transduced 
with integration defective SIV. After intrasplenic injection of different amounts of transduced 
dendritic cells into naive animals, monkeys are challenged with infectious doses of different SIV 
subtypes. Humoral and cellular immune response and cytokine production before and after challenge 

25 are determined. After challenge, samples from peripheral blood and lymph nodes can be analyzed 

by RT-PCR to detect viral load. This procedure determines the optimal amount of dendritic cells 
that needs to be injected to achieve protective and cross-reactive immunity. 

(b) The level of cross-protection between different lentivimses can readily be 
uCicnviui&u foi a particular sysleiu. Auuvuus can l>c gcacuCoily iiuiniUiizcd with a replication- and 

30 integrase-defective HIV-1. Subsequently, immunized animals are challenged with pathogenic SIV. 

(c) The efficacy of a particular genetic immunization in SIV-infected monkeys can 
be studied as follows. Autologous dendritic cells cultured with GM-CSF and IL-4 can be transduced 
with integration-defective SIV. SIV-infected animals receive intrasplenic injections of transduced 
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dendritic cells shortly (I week to 6 months) after SIV challenge. Humoral and cellular immune 
responses and cytokine production before and after genetic immunization are determined. After 
challenge, samples from peripheral blood and lymph nodes are analyzed by RT-PCR to monitor viral 
load. This procedure helps to assess the efficacy of a particular genetic immunization as 
5 immunotherapy against SIV infection. 

Example 17 - Cloning of Integrase-Defective SIV for Evaluation of the Genetic Immunization 
Strategy in Non-Human Primates 
Using the two primers: 

10 FL5: 5'- CTA CTA TGG TAC CCC AAA GGT GTG CTC-3' (SEQIDNO. 1) 

(2x stop) 
and 

FL6: 5 -TGA ATT TTA AAA GAA GGG GAG- 3', (SEQIDNO. 2) 

15 

long PCR will generate the plasmid shown in Figure 4 harboring a deletion in the integrase gene 
between nucleotides 61 15 and 6257. We have also included two in-frame stop codons to ensure the 
generation of the truncated integrase protein (two ensures safety). The parent plasmid, p239SpSp5', 
can be obtained through the AIDS Research and Reference Reagent Program, Division of AIDS, 

20 NIAID, NIH, from Dr. Donald Desrosiers. This plasmid can be used as described by Ogden Bio- 

Serviecs Corp., 685 Lofstrand Lane, Rockville, MD 20850, "Special Characteristics," to generate 
both lymphotropic and macrophage-tropic SIV. For genetic immunization, the macrophage-tropic 
vims is preferred because of its broader tropism: it can infect both lymphocytes and macrophages. 
This is only one strategy to be used as an example. Other mutants can be characterized to 

25 obtain a phenotype which is capable of only limited replication cycles in macrophages. 

It should be understood that the examples and embodiments described herein are for 
illustrative purposes only, and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
application and the scope of the appended claims. 
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Claims 



1 1. A method for raising an immune response in a human or animal host, wherein said 

2 method comprises transducing a cell with a genetic construct which encodes a virus such that said 

3 cell expresses said virus in a lymphoid organ of said host. 

1 2. The method, according to claim 1 , wherein said host is a human. 

1 3. The method, according to claim 1, wherein said cell is a cell of a lymphoid organ. 

1 4. The method, according to claim 1, wherein said cell preferentially migrates to a lymphoid 

2 organ. 

1 5. The method, according to claim 1, wherein said cell is an allogenic cell. 

I 6. The method, according to claim 1 , wherein said cell is a dendritic cell. 

1 7. The method, according to claim 1, wherein said virus is integration-defective. 

1 8. The method, according to claim 7, wherein said virus has an incomplete integrase gene. 

1 9. The method, according to claim 8, wherein said integrase is mutated in the active site and 

2 in the DNA binding site. 

1 10. The method, according to claim 1, wherein said virus is replication-incompetent. 

1 11. The method, according to claim 10, wherein said virus has a mutation in the gag gene. 

1 12. The method, according to claim 1, wherein said virus is a retrovirus. 

1 13. The method, according to claim 1 , wherein said virus is a lentivirus. 
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1 14. The method, according to claim 13, wherein said virus is selected from the group 

2 consisting of HIV-1, HIV-2, SIV, HTLV-1, and FIV. 

1 15. The method, according to claim I, which is performed prior to viral infection of the 

2 host 

1 16. The method, according to claim 1 , which is performed after viral infection of the host. 

1 17. The method, according to claim 1, wherein said cell is transduced outside the host's 

2 body and is then administered to said host. 

1 1 8. The method, according to claim 1, wherein said host cell is transduced in vivo. 

1 1 9. The method, according to claim 1 8, wherein said transduction is carried out by viral 

2 infection. 

1 20. The method, according to claim 1 8, wherein said transduction is carried out by retroviral 

2 infection. 

1 21. The method, according to claim 18, wherein said transduction is carried out by 

2 transduction through replication-deficient retrovirus infection. 

1 22. The method, according to claim 1 , which further comprises transducing a cell to express 

2 a cytokine to augment or direct the host's immune response. 

1 23. The method, according to claim 20, wherein said cytokine is selected from the group 

2 consisting of IL-1, IL-2, 1L-3, IL-4, IL-6, IL-7, IL-12, IL-15, IL-16, TNF, GM-CSF, IFN, and 

3 chemokinesofRANTES,MlPl. 

1 24. The method, according to claim 22, wherein the expression of said cytokine stimulates 

2 a Th 1 or Th2 type immune response. 

1 25. The method, according to claim 22, wherein the expression of said cytokine stimulates 

2 a natural killer cell response. 
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26. The method, according to claim 22, wherein the expression of said cytokine stimulates 
a cytotoxic T-cell response. 

27. The method, according to claim 22, wherein the expression of said cytokine stimulates 
a B-cell response. 



28. The method, according to claim 1, which is used to alleviate or prevent a cancerous 
condition. 



29. The method, according to claim 1, wherein the immune response is cress-protective. 

30. The method, according to claim 1 , wherein said virus is a Class 4 virus. 

3 1 The method, according to claim 30, wherein said Class 4 virus is injected direcdy into 
the lymphoid organ. 

32. The method, according to claim 31, wherein the Class 4 virus comprises canary pox. 

33. The method, according to claim 1, which further comprises transducing a cell to express 
a tumor antigen. 

34. The method, according to claim 33, wherein said tumor antigen is selected from the 
group consisting of MAGE-1, p21ras, human papillomavirus E6 and E7 gene products, and mutants 
of these proteins. 

35. A pharmaceutical composition comprising a cell which has been transduced with a 
genetic construct which encodes a Class 4 virus. 

36. The pharmaceutical composition, according to claim 35, wherein said cell is a cell of 
a lymphoid organ. 

37. The pharmaceutical composition, according to claim 35, wherein said cell preferentially 
migrates to a lymphoid organ. 
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1 38. The pharmaceutical composition, according to claim 35, wherein said cell is an allogenic 

2 cell. 

1 39. The pharmaceutical composition, according to claim 35, wherein said cell is a dendritic 

2 cell. 

1 40. The pharmaceutical composition, according to claim 35, wherein said virus is 

2 integration-defective. 

1 41, The pharmaceutical composition, according to claim 40, wherein said virus has an 

2 incomplete integrase gene. 

1 42. The pharmaceutical composition, according to claim 41, wherein said integrase is 

2 mutated in the active site and in the DNA binding site. 

1 43. The pharmaceutical composition, according to claim 35, wherein said virus is 

2 replication-incompetent 

1 44. The pharmaceutical composition, according to claim 43, wherein said vims has a 

2 mutation in the gag gene. 

1 45. The pharmaceutical composition, according to claim 35, wherein said virus is a 

2 retrovirus. 

1 46. The pharmaceutical composition, according to claim 35, wherein said vims is a 

2 lentivinis. 

1 47. The pharmaceutical composition, according to claim 46, wherein said virus is selected 

2 from the group consisting of HIV-1, HIV-2, SIV, HTLV-1, and FIV. 



48. The pharmaceutical composition, according to claim 35, which further comprises 
transducing a cell to express a cytokine to augment or direct the host's immune response. 



1NSDOCID: <WO 97311 19A1_I_> 



WO 97/31119 



PCT/US97/02933 



40 

1 49. The pharmaceutical composition, according to claim 48, wherein said cytokine is 

2 selected from the group consisting of IL-1, IL-2, IL-3, IL-4, 1L-6, IL-7, IL-12, IL-15, IL-16, TNF, 

3 GM-CSF, IFN, and chemokines. 

1 50. The pharmaceutical composition, according to claim 35, wherein said virus is a Class 

2 4 virus. 

1 51. The pharmaceutical composition, according to claim 35, which further comprises 

2 transducing a cell to express a tumor antigen. 

1 52. The method, according to claim 51, wherein said tumor antigen is selected from the 

2 group consisting of MAGE- 1, p2 Iras, human papillomavirus E6 and E7 gene products, and mutants 

3 of these proteins. 
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